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Docket No.: 13929/122995 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

) 

In re National Application of : 
Catia Bastioli, Roberto Lombi, Matteo Nicolini, ) 
Maurizio Tosin and Franceso Degli Innocenti 
International Appln. No. PCT/EP99/06390 ) 
International Filing Dated: 31 August 1999 

Filed Concurrently Herewith On March 1, 2001 

For: BIODEGRADABLE COMPOSITIONS 
COMPRISING STARCH AND 
POLYSACCHARIDE ESTERS 

New York, New York 
March 1, 2001 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Box PCT 

Washington, DC 20231 
Sir: 

Please amend the above-identified application as follows: 

In The Claims 



Please substitute the attached annexes to the International Preliminary 
Examination Report for pages 13-16 of the published PCT Application WO 00/12616. 



Please amend claims 3, 4, 6, 7, 9, 1 1, 12, 13 and 14 as follows: 



Claim 3, line 1, delete "according to Claim 1 or 2" and insert -according to 

claim 1— . 
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Claim 4, lines 1 and 2, delete "according to any preceding Claim" and insert 
--according to claim 1- 

Claim 6, lines 1 and 2, delete "according to any one of Claims 1 to 5" and insert 
-according to claim 1-. 

Claim 7, lines 1 and 2, delete "according to any one of Claims 1 to 6" and insert 
-according to claim 

Claim 9, lines 1 and 2, delete "according to any one of Claims 1 to 8" and insert 
-according to claim 1-. 

Claim 11, lines 1 and 2, delete "according to any one of Claims 1 to 8" and insert 
-according to claim 1-. 

Claim 12, lines 1 and 2, delete "according to any one of Claims 1 to 1 1" and insert 
-according to claim 1--. 

Claim 13, lines 1 and 2, delete "according to any one of Claims 1 to 12" and insert 
-according to claim 1--. 

Claim 14, line 2, delete "Claims 1 to 13" and insert -claim 1~. 
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Remarks 



Claims 3, 4, 6, 7, 9, 1 1, 12, 13 and 14 have been amended to eliminate multiple 
dependency and thereby minimize claim fees. 



Respectfully submitted, 




Maurice B. Stiefel 
Registration No. 18,479 
BRYAN CAVE LLP 
245 Park Avenue 
New York, NY 10167 
Tel No. (212) 692-1838 
Fax No. (212)692-1900 
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J84gdgg«^flfele compositions comprising starch„_an_d_ polysaccha- 
ride esters^ 



The present invention relates to biodegradable compositions 
comprising starch and polysaccharide esters, suitable for 
producing moulded articles which can decompose rapidly during 
composting. 

It is reported in the literature that thin cellulose acetate 
films are rapidly degradable; however, the time required for 
the biodegradation of thick films or of articles with thick 
walls is extremely long. For example, two months are required 
to degrade less than 60% of a thick film. 

The problem to be solved in the case of compositions contain- 
ing starch and cellulose esters consists of the provision of 
compositions having good biodegradability which are suitable 
for the production of shaped articles having an adequate ca- 
pacity to decompose during composting. 

Compositions comprising starch and cellulose esters which 
have improved compatibility between the polymeric components 
but which do not have adequate biodegradability are described 
in the patent literature. 

For example, 2P-A-0 722 980 describes compositions in which 
the starch and the cellulose ester are rendered more compati- 
ble with one another with the use of specific phase compati- 
bilising agents which are selected from various classes of 
polymeric substances, and which - in addition to improving 
compatibility - also have the effect of improving biodegrad- 
ability by virtue of the high level of dispersion conferred 
on the starch in the cellulose-ester matrix. 

However, articles produced from the compositions still have 
too low a decomposition rate during composting. 
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It has now surprisingly been found that it is possible con- 
siderably to increase the biodegradability of articles pro* 
duced from compositions comprising partially or completely 
destructurised and/ or ccmplexed starch and polysaccharide es- 
ters, preferably cellulose esters, and consequently their 
ability to decompose during composting, 

The decomposition times for the articles produced can be re* 
duced to less than two months in standard composting condi- 
tions . 

The subject matter of the invention is defined by the ap- 
pended claims. 

The compositions of the present invention comprising starch 
and a polysaccharide ester and preferably a cellulose ester 
or a starch ester are characterised by a microstructure in 
which the ester constitutes the matrix and the fraction of 
destructurised and/or dispersed starch constitutes the dis- 
persed phase, with a numeric mean dimension of the domains or 
dispersed particles preferably of less than I tm r more pref- 
erably less than 0.5 pm; the compositions contain an additive 
which can increase and maintain at values of 4 or more the pH 
of a solution obtained by immersing granules or pellets of 
the composition in water at ambient temperature for 1 hour 
with the use of a water s granules {or pellets) ratio of 10: 1 
by weight. 

The term "partially" referred to destructurised or complexed 
starch is used to contemplate the possible presence of a por- 
tion of native crystalline starch up to 30% by wt . with re- 
spect to the starting starch content. 

The additive p which has the above-mentioned capability to 
control the pH, has the effect of considerably Increasing * 
biodegradability of the compositions by neutralising the acid 
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resulting from hydrolysis of the cellulose ester in compost- 
ing conditions* Any substance insoluble in water and having 
the above-mentioned capability may be a suitable additive, 

Examples of additives are carbonates and hydroxides of alka- 
line-earth metals such as CaCOj, MgC0 3j Mg{0H) 5 - CaC0 3 is the 
preferred additive. 

The compositions comprise starch and the polysaccharide ester 
plasticised with a plastiei2er in a quantity of from 10 to 
40% by weight referred to the polysaccharide ester » in a ra- 
tio by weight of from ljO.S to Is 18, preferably from ls2 to 
1;3. 

The pH regulating additive is present in a quantity of from 
0.5 to 30% t preferably from 5 to 20%, by weight relative to 
the weight of the starch and of the plasticised polysaccha- 
ride ester. 

Quantities greater than 30% by weight may be used without any 
significant further improvement. 

Too large a quantity of additive may have an adverse effect 
on the mechanical properties of the compositions . 

In addition to the plasticizer for the polysaccharide ester 
phase t the compositions may also comprise a plascicizer for 
the starch phase, used in a quantity of from 0*5 to 50% by 
weight, relative to the weight of the starch. 

To permit the production of a finely dispersed microstructure 
as indicated above, further polymeric additives belonging to 
the following classes may be used: 

a) polymers compatible with polysaccharide esters and/or 
starch, to which aliphatic or polyhy droxy 1 a t e d chains de- 
taining from 4 to 40 carbon atoms are grafted, 
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b) copolymers of hydroxy- acids and/or diamines with 2-2* 
carbon atoms with aliphatic or aromatic diisocyanates or with 
epoxy compounds or anhydrides, 

c) copolymers of aliphatic! polyesters, polyaznidea, poly- 
ureas or pclyalkylene glycols with aliphatic or aromatic di- 
isocyanates, 

d) polymers compatible with polysaccharide esters and/or 
starch to which polyols soluble in starch or polymers capable 
of complexing starch are grafted, and 

e) polymers capable of complexing starch, such as ethyl- 
ene/vinyl alcohol or ethylene/acrylic acid copolymers, ali- 
phatic polyesters and polyamides. 

The additives of type a) are preferably obtained by grafting 
aliphatic chains derived from vegetable or animal fats such 
as oleic, lauric, myristic, palmitic, stearic, linoleic, eru- 
cic and rieinoleic acids having terminal groups such as car- 
boxyl groups, eaters or salts to facilitate the grafting of 
the chains. 

Examples of polymers compatible with the cellulose esters 
are; 

cellulose esters with various degrees of substitution 

{DS) , 

starch esters with various DS values, such as acetates, 
starch esters with various DS values , such as products 
of the reaction of starch with ethylene or propylene glycol, 
partially hydrolysed polyvinyl acetate, 
aliphatic polyesters and aliphatic/aromatic copolyes- 

ters. 
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The number of grafted chains is between 0.1 and 100 r prefera- 
bly from 0,2 to 50, more preferably from 0.3 to 20 grafted 
chains per 100 monomer ic units in the polymeric chain. 

Examples of additives of type b) and type c) are the copoly- 
mers which can be produced from aliphatic polyesters such as 
polycaprolactones and polyethylene succinates. 

Block copolymers between polycaprolactone and an aromatic or 
aliphatic diisocyanate, such as a caprolactone-urethane co- 
polymer marketed by Goodrich with the trademark Bstane, grade 
543 51 is representative of the copolymers of class b) . 

The additives are present in quantities of from 0,1 to 20% by 
weight, preferably from 0.5 to 10%, relative to the sum of 
the weight of the starch and of the plasticised polysaccha- 
ride ester. 

In addition to the components indicated above, the composi- 
tions of the invention may contain synthetic polymers in a 
quantity up to 30% by weight, preferably less than 1Q%, of 
polyvinyl alcohol, polyvinyl acetate, thermoplastic polyes- 
ters such as polycaprolactone, copolymers of caprolactone 
with isocyanatas, polymers of lactic acid, polyethylene or 
polybutylene and, in general r polyalkylene adipate, sebacate, 
and a relate. 

The starch which is used to prepare the composition is a 
natural starch extracted from various plants such as maize, 
wheat M potato, tapioca and cereal starch. The term starch al- 
so includes starches with a high amylopectine content <"waxy w 
starches) f starches with a high amylose content, chemically 
and physically modified starches, starches in which the type 
and concentration of the cations associated with phosphate 
groups are modified, starch ethoxylate, starch acetates, 
cationic starches, hydrolysed starches, oxidised and cress- 
linked starches, 
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The final compos it ion contains starch which is partially or 
completely destructurised and/or complexed. as destructurised 
starch is intended starch which has lost its granular struc- 
ture (that means absence of Maltese crosses which is visible 
by optical microscopy in polarised light with magnif ication 
in the range of 250 - 700 x) . 

As complexed starch is intended starch showing a band in sec- 
ond derivative PTIR around at 946 - 947 em' 1 after removal of 
the cellulose or starch ester in chloroform (with high starch 
concentrations without extraction of the cellulose or starch 

ester) or showing also peaks around 12-13 and 20 of 2 8 (2 
theta) in X-ray diffraction experiments. 

Representative cellulose and starch esters comprise cellulose 
acetates, propionates and/or butyrates with various degrees 
of substitution, such as greater than 2 and preferably 
greater than 2,4. Cellulose acetate with a DS of from 1,5 to 
2,5 is preferred. 

The plasticizer usable for the cellulose ester is preferably 
selected from the following compounds: 

glycerol esters with aliphatic acids containing up to 6 
carbon atoms, particularly diacetin and triacetin, 

esters of citric acid, particularly trimethyl or tri- 
ethyl citrate, as well as acetyl-triethyl citrate, 
dialkyl esters of tartaric acid, 
aliphatic -acid esters, lactones and laetides, 
dialkyl esters of aliphatic acids such as those obtained 
from oxalic, glutaric, adipic, eebacic, suberic, azelaic ac- 
ids, preferably dibutyl adipate and dibutyl aebacate, 

dialkyl esters of aromatic acids in which the alkyl 
group contains from 1 to 10 carbon atoms, particularly di- 
methyl phthalate, diethyl phthalate, methoxyethyl phthalate 
and ethoxyethyl phthalate, 
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polyethylene glycol adipate, glutarate or sebacate, 
alkyl and azyl phosphates, particularly triethyl and 
tricresyl phosphates , 

alkyl esters of fatcy acids such as butyl oleate, 
polymeric plasticizera such as the products marketed un- 
der the trademarks Paraplex by Rohm and Haas* Admex by Arche 
Daniels Midland f and Flexol by Union Carbide, 

mixed aliphatic-aromatic esters of trimethylol propane 
and pentaerithritol, polyethylene glycols with alkyl phos- 

0 phate termination. 

m The preferred plasticizera are those which act as plasticis- 

01 era both for the starch phase and for the cellulose ester 
^ phase. Acetins belong to this preferred class. 

^ The plastic isers for the starch comprise water , glycerol , 

Jj glycerol ethoxylate, ethylene glycol or propylene glycol, 

Q polyethylene glycol, polypropylene glycol , l f 2-propandiol, 

~: 1, 3-propandicl, 1,2-, 1,3-, 1, 4-butandiol, 1,6-, 1,5-hexan- 

u diol, sorbitol dlethoxylate, and trimethylolpropane monoeth- 

oxylate . 

The starch is normally plasticised directly during the mixing 
stage in a mixture with all of the other components. However, 
it is also possible to use a two-stage method in which the 
starch phase and the cellulose phase are plasticised sepa- 
rately* 

The preparation of the composition of the invention comprises 
the mixing of the components in a heated extruder or in any 
closed container which can ensure conditions of temperature 
and of shear stress adequate to render the starch and cellu- 
lose ester components compatible with one another from a 
rheological point of view, operating at a temperature of be- 
tween 80 and 210*C in the presence of water and plasticizers , 

The preferred method of preparing the compositions comprises; 
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a first step consisting in passing the components 
through an extruder with times spent in the extruder of the 
order of from 2 to 50 seconds, during which the starch and 
the cellulose ester are subjected to bulking under the effect 
of the plasticiser and possibly of added water, operating at 
a temperature of between so and 180 e C, 

a mixing step 4 during which the mixture of the previous 
step is subjected to shear stress conditions suitable in par- 
ticular for rendering the viscosities of the molten cellulose 
ester and starch similar, if the starting viscosities are 
different! 

an optional degassing step to produce a molten mass with 
a water content of less than 6% by weight which ensures , 
amongst other things, that bubbles do not form in the ex- 
truded product. If expanded materials are to be produced; the 
water content may be higher than 6% and may reach 18-20% by 
weight . 

The resulting molten material is extruded to form pellets 
from which articles are produced by means of any conventional 
technique, or the composition may be extruded directly to 
produce moulded or injection-moulded articles* 

The compositions of the present invention are suitable for 
the production of foams , foamed extruded containers, foamed 
extruded sheets, moulded foams , injection-moulded articles 
such as toys and disposable cutlery and, in general, articles 
for any use which requires decomposition times no longer than 
two months during composting. The following examples are pro- 
vided for illustrative purposes and not for limiting the 
scope of the invention. 

Examples 

Examples 1-4 are comparative examples; Examples 5-7 are in 
accordance with the invention. 
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(A) Mixing 

The compositions of the examples were prepared with the use 
of a twin-screw APV extruder model 2030 with a diameter of 30 
mm and with &:D=25. The temperature profile of the sixteen 
control led- temperature zones was as follows s 

60°C x i - ioo*e x i - iso°c X 14, 

The rate of rotation of the screw was 120 rpm, 

(B) Injection moulding 

The pellets produced by the extruder were supplied to a San- 
dretto Series 60 injection press to produce shaped test sam- 
ples, The samples were examined with regard to their surface 
quality by optical microscopy or by SBM electron microscopy. 

The samples were also tested to determine the biodegradation 
rate. 



The results of the tests are given in Tables l and 2. 

TABLE 1 





EX.1 EX.2 EX.3 Ex, 4 Ex. 5 £X.£""Ex.7 


Acepiast us { trademark} 
CAB (trademark) 
Diacetin 

Epoxydieed soya bean oil 
Maize starch 

Acetylised starch with DS b 1.3 
SorbiLene (sorbitol ethoxylate) 
Erucamide 

SAC DS 1,3/laurate 4.6 
SAC DS 1.1/laurata 3.2 
Calcium carbonate 
Magnesium hydroxide 
Clay 


75 44 30.5 44 38 40 40 
30,5 

25 16 14 14.7 14.7 
16 11.1 

32 22.2 27 25 26.3 26,3 
5 

7.8 5.4 7.8 7.8 8.2 8.2 
0.2 0,14 0.2 0.2 0.2 0.2 
5 

5 

S 11.6 

11.6 


Footnotes 


a | b c | a,d d a,d a,d 



In table l, the amounts of the components are in percent by 
weight. 
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(a) the material was tested for toiodegradability (the re- 
sults are given in Table 2) 

(b> the test sample underwent severe delamination 
(a) the test sample tended to delaininate 

(d) the surface of the sample appeared homogeneous without 
apparent flakes. 

All of the samples which had surface characteristics {£) had 
a niic restructure, according to &BM, in which the dispersed 
starch phase was in the form of domains at least 80% of which 
had a numeric mean dimension of less than 0.3 ^m, 

LEGEND 

1) Aceplast LB (trademark) is a cellulose acetate with a 
degree of substitution of 2,5, marketed by Societa Acetati 
S.p-A., of Verbania, Italy. 

2) CAB is a cellulose butyrate/acstate marketed by Eastman 
Chemicals under the trademark CAB 831-20. 

3) Acetylised starch with DS * 1.3 is produced by National 
Starch and is referred to as "78-0403 GDS-1233". 

4) The additives indicated in the table were produced from 
starch acetate (SAC) with DS 1.3 and 2.1, by grafting lauryl 
radicals in quantities of 4.2 and 3*2 radicals per 100 mono- 
meric units of SAC. 

The grafting was carried out with the use of 1 auric acid 
chloride in dimethyl acetamide* 
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After neutralisation with pyridine, the compatibilising agent 
was precipitated with ethyl ether. 

Biodegradabillty of the compositions 

The biodegradabillty was tested by recording the loss of 
weight of the samples which were enclosed in a polypropylene 
net (with 1 mm mesh) and were incorporated in a substrate of 
an aged compost with 55% humidity and heated to 50* C in an 
incubator* A plurality of samples was loaded, that is, one 
sample per net so that the course of the degradation over 
time could be followed. For each sample, so g of compost was 
used, The results are given in Table 2* 

TABLE 2 



Percentage loss of weight undergone by the samples after 15, 
6 0 and 150 days 



Examples 


15 days 


6 0 days 


150 days 


1 


18.5 


23.1 


26,3 


4 


29. e 


33.1 


51.7 


6 


40.0 


>90.Q 


completely degraded 


7 


50,0 


>50.0 


completely degraded 
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CIAIMS 

1. Biodegradable heterophase compositions comprising par- 
tially or completely destructurised and/or complexed starch, 
a polysaccharide ester, and a plasticizer for the polysaccha- 
ride ester, in which the polysaccharide ester constitutes the 
matrix and the starch the dispersed phase, characterised in 
that the compositions comprise starch and plasticised poly- 
saccharide ester in a ratio by weight of from Is 0.6 to 1:18, 
the polysaccharide ester is plasticised with a plasticizer in 
a quantity of from 10 to 40% by weight referred to the poly- 
saccharide ester and the starch is in the form of particles 
or domains of numeric mean dimension lower than 1 (m for at 
least 80% of the particles, the compositions comprising an 
additive which can increase and maintain at values of 4 or 
more the pH of a solution obtained by placing the composi- 
tions in pellet or particle form in contact with water at am- 
bient temperature for 1 hour with the use of a pellet/partic- 
les :water ratio of 1:10 by weight. 

2. Biodegradable compositions according to Claim 1 9 in 
which the polysaccharide ester is a cellulose or a starch es- 
ter, 

3. Biodegradable compositions according to Claim 1 or 2, in 
which the particles or domains of the dispersed phase have 
dimension lower than 0*5 pm. 

4. Biodegradable compositions according to any preceding 
Claim, in which the pH regulating additive is selected from 
carbonates and hydroxides of alkaline -earth metals. 

5- Biodegradable compositions according to Claim 4, in 
which the pH regulating additive is selected from calcium and 
magnesium carbonates. 
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6, Biodegradable compositions according to any one of 
Claims l to 5, in which the polysaccharide ester is a cellu- 
lose acetate with a degree of substitution of from 1-5 to 
2.5- 

7, Biodegradable compositions according to any one of 
Claims l to 6, in which the pK regulating additive is present 
in a quantity of from 0.5 to 30% by weight relative to the 
weight of the starch and of the plasticised cellulose ester. 

8, Biodegradable compositions according to Claim 7 , in 
which the pH regulating additive is present in a quantity of 
from 5 to 20%. 

3. Biodegradable compositions according to any one of 
Claims 1 to 8, comprising a further polymeric additive se- 
lected from the group consisting of: 

polymers or copolymers compatible with the polysaccha- 
ride ester, grafted with aliphatic or polyhydroxylated chains 
containing from 4 to 40 carbon atoms, 

copolymers obtained from hydroxy- acids and diamines with 
2-24 carbon atoms, aliphatic polyesters, polyamides, 
polyureas and polyalkylene glycols with aliphatic or aromatic 
diisocyanates, 

copolymers produced from polymers compatible with the 
polysaccharide esters by grafting polyols soluble in starch, 

10. Biodegradable compositions according to Claim 9, in 
which said further polymeric additive is used in a quantity 
of from 0.1 to 20% by weight relative to the weight of the 
starch and of the plasticised cellulose ester. 

11. Biodegradable compositions according to any one of 
Claims 1 to 8, in which the further polymeric additive is se- 
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lected from the group consisting of a polymer or copolymer 
compatible with the cellulose ester grafted with a fatty acid 
selected from oleic, lauric, palmitic, stearic, erucic, lino- 
leic and ricinoleic acids and a block copolymer between poly* 
caprolactone and an aliphatic or aromatic diieocyanate, 

12. Biodegradable compositions according to any one of 
Claims 1 to 11 , comprising a plasticizer for the starch 
phase, used in a quantity of from 0,5 to 50% relative to the 
weight of the starch. 

13. Biodegradable compositions according to any one of 
Claims 1 to 12 T in which the ratio of plasticised cellulose- 
ester: starch is between 2:1 and 3;1 by weight, 

14* Manufactured articles produced from the compositions of 
Claims 1 to 13 , 

15, Manufactured articles according to Claim 14, suitable 
for the production of foams, foamed extruded containers, 
foamed extruded sheets, moulded foams. 

16, Use, in a biodegradable heterophase composition compris- 
ing partially or completely destructurised and/or complexed 
starch, a polysaccharide ester, and a plasticizer for the 
polysaccharide ester, in which the polysaccharide ester con- 
stitutes the matrix and the starch the dispersed phase in the 
form of particles or domains having an average numeral size 

lower than 1 for at least 80% of the particles, of an ad- 
ditive which can increase and maintain at values of 4 or more 
the pH of a solution obtained by placing said composition in 
pellet or particle form in contact with water at ambient tem- 
perature for 1 hour, in a pellet (or particle) /water ratio of 
It 10 by weight, to increase the biodegradability of articles 
produced from said compositions * 
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17, A method for increasing the biodegradability of articles 
produced from biodegradable heterophase compositions compris- 
ing partially or completely destructurised and/or ccmplexed 
starch, a polysaccharide eater and a plasticizer for the 
polysaccharide ester, in which the polysaccharide ester con- 
stitutes the matrix and the starch the dispersed phase, in 
form of particles or domains having an average numeral size 

lower than 1 \m for at least ao% of the particles, comprising 
adding to said composition an additive which can increase and 
maintain at values of 4 or more the pH of a solution obtained 
by placing the compositions in pellet or particle form in 
contact with water at ambient temperature for 1 hour with a 
pellet (or particle) /water ratio of 1:10 by weight. 
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As the below named inventors, we hereby declare that: 

Our residences, post office addresses, and 
citizenships are as stated below next to our names. 

We believe that we are the original, first, and joint 
inventors of the subject matter which is claimed and for which 
a- patent is sought on the invention entitled V Biodegradable impositions 
comp^ising^^pti^rid. pQ^MQ^i^Q .e^te^a". . , the specification of 
which is attached hereto. 
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telephone number (212) 692-1800. 



Address all correspondence to: 



Bryan, Cave, McPheeters & McRoberts 

245 Park Avenue 

New York, New York 10167 
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We hereby declare that all statements made herein of our 
own kn owl edge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 
IS of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issued thereon. x . < 
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